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HEAT  RESISTAM'  EXPLfXSlVES  XIX. 

AN  IMPRCfVED  SYNTHESIS  OP 

3,  P',P'',4,4»,4",6,6S6'*-N0NANITR0'TEHFHENYL,  NONA  (C) 

by 

J.  C.  Dacons 
J.  C.  Hoffsommer 
Francis  Taylor,  Jr. 


ABSTRACT:  Improved  procediires  for  the  preparation  of  2,  2 ',2”, 
4,4’,4'',  6,  6',  6”-nonanitroterphenyl,  NONA,  from  picryl  chloride 
and  1, 3-ciichlorO“2,4,  6“trinitrobenzene  or  1, 3"-ciibromo~2,4,  6" 
trinitrobenzene  have  been  developed.  The  NONA  is  formed  in 
yields  of  approximately  25^  along  with  quantities  of  2, 2 ’,4,4', 
6, 6' -'hexanitrotaiphenyl,  HNB,  and  small  amounts  of  other 
products.  By  the  use  of  thin-layer  chromatography  and  a  novel 
fractional  crystallization  from  acetone,  the  separation  of 
products  has  ’"een  greatly  simplified.  An  improved  procedure 
for  the  recryjtallization  of  the  crude  product  from  acetone 
produces  relatively  large  prisms  whose  bulk  density  is 
approximately  O.70, 
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This  report  describes  improved  procedures  for  the  syn¬ 
thesis  of  2,2*,2”,4,4*,4' ,6,6*,6  -nonanitroterphenyl,  NONA, 
a  thermally  stable  high  explosive  suitable  for  use  at  very 
high  temperatures  in  mild  detonating  fuses,  MDP,  flexible 
linear  shaped  charges,  FLSC,  and  other  explosive  components 
for  special  applications  in  high  speed  aircraft,  space  craft 
etc.  This  compound  has  been  described  in  NavOrd  Report 
(NOL)  6904  which  is  part  VIII  in  the  series  Heat  Resistant 
^plosives.  This  work  was  carried  out  in  part  under  the 
Foundational  Research  Fund,  Task  FR-44,  and  in  part  under 
the^Study  of  Explosive  Properties,  Task  RT3ME-4E-000/212-1/ 
POO8-O8-II,  Problem  012., 

R.  E.  ODENING 
Captain,  USN 
Commander 


ALBERT  LIGH^ 
By  direction 
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INTRODUCTION 

As  a  result  of  a  study  of  the  thermal  decomposition  of 
TNT  (1),  it  was  predicted  that  the  compo\ind  2, 2', 2", 4, 4 ',4", 

6, 6',6’'-nonanitroterphenyl,  NONA,  would  have  unusual  high 
temperature  stability,  A  report  of  the  synthesis  of  this  com¬ 
pound  was  made  soon  thereafter  (2)  and  preliminary  examination 
showed  that  this  prediction  was  correct.  A  more  thorough  study 
later  showed  this  explosive  to  be  well  suited  for  use  in  mild 
detonating  fuses,  MDP,  and  flexible  linear  shaped  charges,  PLSC, 
and  that  it  was  capable  of  functioning  after  exposure  to  tem¬ 
peratures  above  400®C  (3).  The  original  preparation  involved 
a  mixed  Ullmann  reaction  with  picryl  chloride,  PiCl,  and  1,3- 
dlchloro-2, 4, 6-trinitrobenzene,  DiClTNB.  The  compound  2, 2», 

4,4*, 6, 6*-hexanitrobiphenyl,  HNB,  rather  than  NONA,  was  the 
primary  product.  The  NONA  was  isolated  by  a  combination  of 
extraction  and  chromatographic  procedures.  Although  the  mixed 
Ullmann  reaction  appeared  to  be  the  only  reasonable  route  to 
this  compound,  the  method  did  not  lend  itself  to  large  scale 
preparation. 

The  successes  of  2, 2*,4,4*,6, 6*-hexanitrostilbene,  HNS, 

(4,5)  and  dipicramide,  DIPAM,  (6,7),  as  heat  resistant  special 
applications  explosives  were  outstanding.  However,  the  appli¬ 
cations  of  these  compounds  are  limited  by  their  melting  points, 
316®C  and  305®C,  respectively.  It  was  anticipated  that  needs 
would  arise  for  high  explosives  capable  of  functioning  at  still 
higher  temperatures;  consequently,  the  interest  in  NONA,  which 
melts  in  the  range  440-450®C,  was  increased  and  a  search  for 
aji  adequate  method  of  preparation  was  accelerated.  The  effort 
in  that  direction  is  summarized  in  this  report.  The  method  of 
preparation  still  involves  the  relatively  low  yield  mixed 
Ullmann  reaction,  but  Improvements  have  been  effected  and  the 
isolation  has  been  simplified.  The  major  product  from  the 
preparation  is  still  HNBj  however,  efforts  are  being  made  to 
find  a  use  for  this  compound  in  our  explosives  program. 

RESULTS  AND  DISCUSSION 

Early  work  on  the  synthesis  on  NONA  clearly  indicated  that 
there  were  two  areas  in  which  improvements  were  needed  before 
ariy  large  scale  preparation  was  undertaken.  First,  it  was 
desirable  to  find  a  new  route  to  the  compound  or  to  improve  the 
yields  in  the  existing  synthesis.  Secondly,  if  the  mixed 
Ullmann  reaction  was  to  be  used,  there  was  a  critical  need  for 
improved  procedures  for  the  isolation  and  identification  of  the 
reaction  products.  After  a  search  of  the  literature,  it  was  con¬ 
cluded  that  the  mixed  Ullmann  reaction  was  probably  the  most 
promising  route  to  follow. 
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In  the  Ullmann  synthesis  of  unsymmetrical  biaryls,  Forrest 
(8,9)  has  fovind  that  best  results  are  obtained  when  one  re¬ 
actant  is  activated  by  electron  attracting  groups  at  the  ortho 
positions  and  the  other  is  unactivated  or  activated  to  a  lesser 
extent.  The  less  active  compoiind  should  be  present  in  excess. 

He  also  found  that  in  going  from  iodo  derivatives  to  chloro 
derivatives  the  iodo  compounds  were  the  most  active,  the  chloro 
compounds  the  least  active  and  the  bromo  compounds  were  inter¬ 
mediate.  Since  it  was  necessary  that  the  reactants  be  fully 
nitrated  prior  to  the  condensation*,  it  was  not  possible  for 
us  to  use  starting  materials  that  differed  in  the  degree  of 
activation  due  to  substituents.  However,  in  efforts  to  find 
conditions  which  favored  the  formation  of  NONA  over  HNB,  con¬ 
siderable  work  was  done  using  mixed  halides.  With  iodides, 
we  were  generally  unsuccessful  which  was  probably  due  to  side 
reactions  of  the  iodine.  Moreover,  the  cost  and  availability 
of  these  compoimds  made  them  undesirable  starting  materials. 
Mixtures  of  bromides  and  chlorides  gave  about  the  same  results 
as  when  PiCl  was  condensed  with  DiClTNB,  but  the  reactions 
could  be  run  at  somewhat  lower  temperatures.  It  was  with 
DiBrTNB  and  an  excess  of  PiCl  that  our  first  large  scale  pre¬ 
paration  of  NONA  was  made. 

In  efforts  to  find  axi  adequate  procdure  for  the  separation 
of  NONA  from  the  other  reaction  products,  a  search  for  suitable 
methods  of  crystallizing  the  compound  was  initiated.  Crystal¬ 
lization  from  numerous  pure  'olvents  by  conventional  procedures 
was  tried  and  found  totally  unsuccessful.  Although  the  solu¬ 
bility  of  NO'wh  in  most  solveiAts  is  low,  it  is  appreciably  soluble 
in  acetone,  tetrahydrofuran,  epichlorohydrin  and  methyl  ethyl 
ketone.  However,  when  hot  saturated  solutions  in  these  solvents 
were  cooled  in  the  refrigerator  no  appreciable  crystallization 
occurred.  It  thus  appeared  that  the  variation -of  solubility 
with  temperature,  at  least  in  these  solvents,  was  very  slight. 

The  use  of  mixed  solvents  such  as  acetone -methanol  and  acetone- 
hexane  produced  crystals  of  very  fine  particle  size  that  readily 
acquired  static  charges.  Such  solvent  systems  were  not  effective 
in  separating  NONA  from  HNB  and  other  reaction  products.  It 
was  subsequently  found  that  solutions  in  pure  solvents  such  as 
those  listed  above  gave  beautifully  crystalline  NONA  when  con¬ 
centrated  by  distillation  It  was  also  found  that  by  using  this 
technique  with  acetone  solutions,  reasonably  good  separations 
of  NONA  from  HNB  could  be  effected. 


*  We  know  of  no  instance  where  unnitrated  or  partially  nitrated 
polyphenyls  have  been  nitrated  to  the  trinitrophenyl  stage  with¬ 
out  the  activating  effect  of  electron  releasing  substituents. 

Our  efforts  to  achieve  this  were  not  successful. 
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Using  PiCl,  DiBrTNB  and  electrolytic  copper  dust  in  nitro¬ 
benzene,  a  0.5  molar  (DiBrTNB)  run  was  made.  A  solution  of 
1,25  moles  of  PiCl  in  dry  nitrobenzene  was  heated  to  115-118*0 
and  a  dry  mixture  of  the  DiBrTNB  and  2.25  moles  of  copper  was 
added  portionwise  over  a  period  of  approximately  one  hour. 

An  additional  O.63  moles  of  copper  was  then  added  over  a  ten 
minute  period  after  which  the  reaction  mixture  was  filtered 
while  hot.  The  solvent  was  removed  by  steam  distillation  and 
the  dark  residue  was  digested  in  boiling  methanol  and  recovered 
by  filtration.  It  was  then  dissolved  in  acetone,  treated  with 
charcoal,  concentrated  to  a  volume  of  about  500  ml  and  filtered 
while  hot.  The  yield  was  66  g  (215^)  of  a  crystalline  product 
which  showed  no  tendency  to  melt  at  300*0,  and  gave  an  excel¬ 
lent  X-ray  diffraction  pattern  for  NONA.  A  sample  of  this 
material  gave  1.86  cc  of  gas/g/hr  in  a  two  hour  vacuum  stability 
test  at  2^*0.  Although  this  is  not  as  good  as  would  be  expected 
of  purified  NONA  it  is  excellent  for  a  crude  product.  An  addi¬ 
tional  3  g  of  solids  which  did  not  melt  at  300*0  were  recovered 
by  adding  ethanol  to  the  filtrate  and  concentrating  further. 

The  X-ray  diffraction  pattern  of  this  product  indicated  that  it 
was  not  NONA.  On  recrystallizing  the  combined  crude  products 
from  acetone  an  875^  recovery  of  beautifully  crystalline  NONA 
was  made.  An  additional  5^  was  recovered  by  adding  glacial 
acetic  acid  and  concentrating  further. 

Using  essentially  the  above  procedure  at  reaction  tempera¬ 
tures  of  approximately  125*0.  10. 7  moles  of  DiBrTNB  were 
converted  to  1.57  moles  (lOOo  g;  15^  yield)  of  purified  NONA 
in  fifteen  runs.  The  lower  overall  yield  was  probably  due  to  our 
failure  to  consistently  duplicate  the  conditions  of  the  0.5  molar 
run  above.  The  main  difficulty  probably  lay  in  the  isolation  of 
products  from  the  various  runs.  This  has  been  substantiated  by 
later  findings  in  the  isolation  procedure.  Attempts  were  made 
to  obtain  second  crops  of  the  crude  product  by  cooling  the 
filtrate,  filtering  off  the  solid  which  formed,  adding  glacial 
acetic  acid,  concentrating  until  precipitation  occurred  and 
filtering  while  hot.  Approximately  200  g  of  a  finely  divided 
solid  which  did  not  melt  at  300*C  was  recovered  in  this  manner. 

It  gave  more  than  5  cc  of  gas/gAir  in  the  vacuum  stability  test 
at  260 ®C  and  X-ray  diffraction  indicated  that  it  was  primarily 
NONA  contaminated  with  other  products.  Its  solubility  charac¬ 
teristics  indicated  that  the  contaminants  were  probably  higher 
molecular  weight  materials.  Attempts  to  purify  this  material 
by  recrystallization  were  not  successful. 

In  efforts  to  find  suitable  methods  of  monitoring  the 
various  fractions  for  content,  visible,  ultraviolet  and  infra¬ 
red  spectra  were  tried.  As  was  expected,  the  spectra  of  the 


3 

CONFIDEWTIAL 


CONFIDENTIAL 
NOLTR  65-46 


primary  products  were  too  similar  to  be  of  value.  Although 
X-ray  diffraction  gave  distinct  and  different  patterns  for  the 
known  members  of  the  polymer-homologous  series  1. 3, 5-trinitro- 
benzene  (TNB),  HNB,  NONA,  2,  2',2”,  4’",  6,  6»,  6»^  6"- 

dodecanitroquarterphenyl  (DODECA)*,  etc.,  it  was  not  sensitive 
enough  to  detect  the  presence  of  small  quantities  of  one  in  the 
presence  of  larger  quantities  of  another.  The  application  of 
thin -layer  chromatography  (TLC)  to  this  problem  proved  quite 
successful.  By  chromatography  on  thin  layers  of  silica  gel 
using  benzene  as  a  developer,  mixtures  of  HNB  and  NONA  were 
separated  into  two  distinct  zones.  The  zones  were  visualized 
by  spraying  with  saturated  methanolic  solutions  of  sodimn  or 
potassium  hydroxide.  The  distance  which  each  of  the  compounds 
traveled,  i.e.,  the  Rf  values,  differed  from  chromatogram  to 
chromatogram  and  was  probably  a  function  of  the  water  content 
of  the  adsorbent.  The  Rf  values  for  HNB  ranged  from  0,37  to 
0.50  and  those  for  NONA  from  0.29  to  0.39*  However,  in  a  large 
number  of  chromatograms,  the  Rx  values**  for  NONA,  using  HNB  as 
the  standard,  were  O.76  -  O.78.  By  using  this  technique  we  were 
able  to  separate  the  crude  reaction  mixture,  including  unreacted 
starting  materials,  when  present,  into  its  various  components. 

The  Ry  value  for  DODECA  was  0,69  and  those  for  PiCl  and  DiClTNB 
were  122  and  15O,  respectively.  Under  the  conditions  used,  TLC 
failed  to  separate  TNB  from  HNB.  Although  TNB  has  been  found 
among  the  reaction  products,  it  is  removed  during  the  methanol 
digestion  and  therefore  poses  no  problem  in  the  isolation  of 
NONA  in  either  of  the  two  procedures  given  in  the  experimental 
part  of  this  report. 

Using  TLC  in  conjunction  with  crystallization  from  acetone, 
it  was  found  that  the  first  crop  of  crystals  precipitated  was 
usually  a  good  grade  of  NONA  containing  a  small  amount  of  HNB. 

The  precipitate  which  formed  on  cooling  the  filtrate  was  almost 
pure  HNB.  The  process  was  repeated  to  give  three  crops  of  NONA 
and  two  crops  of  HNB.  The  residue  from  the  third  crop  of  NONA 
was  shown  by  TLC  to  contain  appreciable  HNB,  some  NONA  and  a 
considerable  quantity  of  DODECA  along  with  smaller  amounts  of 
what  appear  chromatographically  to  be  higher  members  of  the  series 


*  This  compound  has  been  prepared  in  this  laboratory  and  will 
be  the  sucject  of  a  future  report. 

**  The  Rx  value  is  defined  as  the  distance  a  substance  travels 
on  a  chromatogram  divided  bv  the  distance  traveled  by  a  standard 
on  the  same  chromatogram ( 10 ) . 
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Having  developed  a  workable  method  for  the  isolation  of 
NONA  from  the  reaction  mixture  and  an  excellent  qualitative 
analytical  procedure,  it  was  desired  to  determine  the  effects 
of  reaction  temperature  on  the  yields  of  NONA.  A  series  of 
reactions  were  run  using  both  DiBrTNB  and  DiClTNB  at  tempera¬ 
tures  ranging  from  100*0  to  150*0,  The  conditions  and  results 
of  this  series  of  reactions  are  given  in  Table  1.  In  these 
reactions,  solutions  containing  both  organic  reactants  were 
added  to  stirred  refluxing  slurries  of  copper  bronze.  Except 
in  runs  10  and  11,  5^  excesses  of  FiCl  were  used.  In  run  10 
PlCl  was  used  in  10056  excess,  whereas  the  theoretical  amount 
was  used  in  run  11.  These  runs  were  made  to  determine  the 
effects  of  varying  the  amount  of  PiCl  used  on  the  yields  of 
NONA.  When  runs  10  and  11  are  compared  with  run  5,  which  was 
carried  out  at  approximately  the  same  temperature,  the  effect 
of  using  the  theoretical  amo\mt,  a  505^  excess,  and  a  100^ 
excess  of  PiCl  is  observed.  The  solvents  were  toluene  and 
mixtures  of  nitrobenzene -benzene  and  nitrobenzene -toluene  which 
gave  the  desired  pot  temperatures  at  refltix.  The  total  reac¬ 
tion  time  for  each  reaction  was  approximately  twenty  minutes, 
and  the  ratio  of  solvent  (vol)  to  reactants  (wt)  was  kept 
approximately  constant  throiighout  the  series.  The  compositions 
listed  for  the  solvents  in  the  table  are  approximations. 

Solvents  having  the  desired  boiling  points  were  prepared  by 
starting  with  the  listed  compositions  and  adding  to  or  distilling 
from  the  mixtures  small  volumes  of  the  more  volatile  components. 

With  DiBrTNB  and  an  excess  of  PiCl  the  only  decidedly 
lower  yields  were  in  runs  3  and  4  at  110® C.  However,  no  con¬ 
clusive  explanation  can  be  given  for  the  larger  yield  in  run  1 
at  100*C.  The  lower  yield  in  run  3  may  be  due  in  part  to  the 
fact  that  the  quantities  of  materials  used  were  smaller.  It  has 
been  found  that  the  method  of  isolation  tends  to  give  better 
results  in  larger  runs.  In  several  small  exploratory  runs, 
which  are  not  listed  in  the  table,  the  yields  were  consistently 
lower  than  those  in  larger  runs  at  the  same  temperatures.  The 
yields  were  consistently  above  20?^  at  temperatures  of  123 ®C 
to  135*C,  the  best  being  at  123*C,  The  lowest  yield  was  in 
run  9  in  which  the  reaction  temperature  was  148-150®C,  The 
acetone  solution  of  the  crude  product  from  this  run  was  much 
darker  than  usual  probably  due  to  a  greater  “tar"  formation. 

In  run  10  where  a  100?^  excess  of  PiCl  was  used,  the  yield  is 
slightly  less  than  that  in  run  5  which  was  carried  out  at 
approximately  the  same  temperature  with  a  505^  excess  of  PiCl. 

As  shown  in  run  11,  the  reduction  of  the  amount  of  the  PiCl 
used  to  the  theoretical  amount  results  in  an  appreciable  reduc¬ 
tion  in  the  yield  of  NONA.  The  reactants  in  runs  12  through  15 
were  PiCl  and  DlClTNB.  The  low  yield  in  run  12  may  be  due  both 
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to  the  small  size  of  the  run  and  the  low  reaction  temperature. 
The  best  yield  in  this  group  was  at  134*0.  and  there  was  little 
difference  between  the  runs  at  123*0  and  146®C.  In  each  of  the 
runs  using  DiBrTNB,  the  reaction  was  sufficiently  exothermic 
that  once  it  was  started  the  external  heating  could  be  removed 
and  the  rate  of  reflxix  controlled  by  the  rate  of  addition. 

This  was  not  the  case  when  DiClTNB  was  one  of  the  reactants, 
the  heating  could  be  reduced  but  not  removed  entirely. 


The  yields  of  HNB  given  in  the  last  column  of  the  table 
are  yields  of  crude  product  and  are  based  on  the  total  PiCl 
used.  This  material  can  be  recrystallized  from  toluene  or 
acetone -hexane  with  about  a  905^  recovery.  In  this  work  no  | 

special  attention  was  given  to  the  isolation  of  this  product  ^ 

and  mechanical  losses  are  to  a  large  extent  responsible  for  the 
variations  in  yields.  Should  a  use  be  found  for  HNB,  it  could 
probably  be  isolated  in  somewhat  greater  yields  than  those  given. 


The  results  of  this  work  indicate  that  NONA  can  be  made 
equally  well  with  either  DiBrTNB  or  DiClTNB  in  reactions  with 
PiCl.  In  large  scale  preparations,  the  choice  would  probably 
be  made  on  the  basis  of  cost.  It  appears  that  the  optimum  tem¬ 
perature  for  DiBrTNB  is  about  120*C  and  that  for  DiClTNB  is 
about  10®C  higher.  The  formation  of  NONA  is  probably  a  stepwise 
process  involving  several  reactions  rather  than  the  simultaneous 
combination  of  two  mole  of  PiCl  with  one  of  the  dihalide.  The 
formation  of  HNB  from  two  moles  of  PiCl  is  a  competing  reaction. 
Efforts  to  find  methods  of  combining  the  reactants  so  as  to 
favor  the  formation  of  NONA  included  numerous  exploratory  reac¬ 
tions  in  which  the  method  and  sequence  of  addition  were  varied. 
No  procedure  was  discovered  which  greatly  increased  the  yield 
of  NONAj  however,  our  best  results  were  obtained  using  the 
methods  described  above. 

It  has  been  found  that  toluene,  nitrobenzene  and  the  mixed 
solvents  listed  in  the  table  can  be  used  with  about  equal 
facility.  The  fact  that  toluene  gives-  slightly  Icpwer  yields  may 
be  due  to  its  lower  boiling  temperature.  The  American  Cyanamid 
Company  (15)  has  found  that  the  reaction  goes  well  in  Xylene 
and  that  by  using  this  solvent,  the  steam  distillation  step  can 
be  eliminated.  We  have  found  that  when  toluene  is  used  a  major 
portion  of  the  products,  including  most  of  the  NONA,  is  preci¬ 
pitated  and  remains  with  the  inorganic  residue  on  filtration. 

The  organic  material  is  recovered  by  washing  the  filter  cake 
with  acetone  and  the  solution  may  be  worked  up  separately  or 
combined  with  the  toluene  filtrate.  If  the  reaction  mixture  is 
kept  hot  during  the  filtration,  it  is  likely  that  a  preponder¬ 
ance  of  the  HNB  would  be  found  in  the  toluene  filtrate. 
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Since  steam  distillation  not  only  removes  the  reaction  solvent, 
but  removes  any  water  soluble  impurities  it  was  retained  as 
part  of  the  isolation  procedure  in  this  study.  When  it  is 
followed  by  methanol  digestion,  the  product  is  essentially  a 
mixture  of  HNB,  NONA,  DODECA  and  apparently  higher  members  of 
the  series.  Along  with  these,  hov/ever,  are  some  highly  colored 
products  C'tars")  most  of  which  can  be  removed  by  carbon  treat¬ 
ment. 


In  the  previously  mentioned  0.5  mole  run  in  which  a  dry 
mixture  of  DiBrTNB  and  copper  dust  v/as  added  to  a  solution  of 
PiCl  in  nitrobenzene  at  115-ll8®C,  the  yield  of  recrystallized 
NONA  was  19 • 3^  even  though  the  method  of  isolation  v;as  not 
thoroughly  worked  out  at  the  time.  With  the  improved  isolation 
procedure,  it  is  likely  that  this  method  would  produce  yields 
that  compare  favorably  with  those  in  the  table.  However,  the 
addition  of  a  liquid  to  a  reaction  mixture  is  more  adaptable 
than  the  addition  of  a  solid.  This  mode  of  combining  the 
reactants  coupled  with  the  improved  method  of  isolation  is,  in 
our  judgment,  the  preferred  procedure  for  the  synthesis  of  NONA, 

In  the  majority  of  the  runs  listed  in  Table  1,  the  crude 
NONA  was  recovered  in  three  crop.s.  However,  mechanical  losses 
are  greater  when  small  crops  are  handled.  In  view  of  this  fact, 
when  several  runs  are  to  be  made  it  is  advisable  to  combine 
the  residues  after  the  second  crops  of  HNB  have  been  removed 
and  recover  the  remainder  of  the  NONA  in  larger  quantities  after 
several  of  these  residues  have  been  accumulated.  In  the  recrys¬ 
tallization  procedure,  the  first  two  crops  are  of  an  excellent 
grade  but  the  third  crops  may  contain  small  amounts  of  Impurities 
and  are  frequently  of  very  small  crystal  size.  For  this  reason, 
it  is  advisable  to  combine  the  third  crops  for  recrystallization 
when  sizable  quantities  have  been  accumulated. 

Probably  the  most  critical  step  in  the  synthesis  is  the 
recovery  of  crude  NONA  from  the  concentrated  acetone  solutions. 

It  is  essential  that  the  solutions  be  kept  warm  during  filtra¬ 
tion  to  prevent  the  HNB  from  precipitating  and  clogging  the 
funnels.  It  is  also  important  that  the  funnels  not  be  hot 
enough  to  cause  excessive  evaporation  of  the  solvent  as  this  will 
also  cause  the  precipitation  of  the  HNB.  Should  this  difficulty 
arise,  the  easiest  solution  is  to  redissolve  the  entire  pre¬ 
cipitate  and  start  the  concentration  over  again.  It  is  better 
hot  to  concentrate  the  initial  solution  to  such  an  extent  as  to 
make  it  difficult  to  filter  without  the  precipitation  of  HNB. 

This  will  result  in  smaller  and  purer  first  crops  of  NONA  and 
the  second  crops  will  be  larger. 
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In  a  0.13  mole  run  in  which  the  Ullmann  reaction  was 
carried  out  at  122-3®Cj  an  attempt  was  made  to  eliminate  steam 
distillation  as  part  of  the  work  up.  When  the  reaction  was 
complete,  the  mixture  was  filtered  as  usual  suid  the  filter  cake 
was  washed  with  acetone  to  remove  any  organic  products  which 
had  precipitated.  The  filtrate  and  washings  were  then  distilled 
vintil  the  temperature  of  the  distillate  was  SO^C  to  remove  the 
acetone,  A  liter  of  methanol  was  then  added  slowly,  while 
stirring  and -heating,  to  precipitate  the  NONA;  On  filtration, 
a  brown  solid  was  recovered  whose  damp  weight  v/as  about  30  g. 
This  was  dissolved  in  acetone,  treated  with  charcoal  and  the 
NONA  was  recovered  by  concentrating  the  solution  in  the  usual 
manner.  The  yield  was  10. 9  g  (13.2^)  in  three  crops.  By 
adding  hexane,  cooling  and  filtering,  an  additional  2.5  g  of 
solids  were  recovered  from  the  concentrated  mother  liquor. 

Thin  layer  chromatography  indicated  that  the  final  product  was 
mainly  a  mixture  of  HNB,  NONA  and  DODECA.  Although  the  NONA 
isolated  in  this  manner  v;as  essentially  pure,  the  low  yield  made 
this  procedure  unattractive. 


It  is  essential  that  starting  materials  in  the  coupling 
reaction  be  thoroughly  dry  and  free  from  any  impurities  con¬ 
taining  active  hydrogen  atoms.  Such  impurities  cause  dehalo- 
genation  of  the  aromatic  halides  and  reduce  the  yields  of  normal 
Ullmann  products.  The  PiCl  used  in  this  work  was  Eastman  White 
Label  and  was  used  without  further  purification.  The  DiBrTNB 
was  prepared  by  the  nitration  of  m-dibromobenzene  according  to 
the  procedure  of  Dacons  and  Taylor  (11).  The  DiClTNB  was  pre¬ 
pared  either  by  the  method  of  Blais,  et  al  (12),  which  involves 
the  treatment  of  the  dipyridinium  salt  of  styphnic  acid  with 
phosphorous  oxychloride,  or  by  a  similar  procedure  using  1,3- 
dimethoxy-2, 4, 6-trinitrobenzene  (13).  Venus  Natural  Copper, 

Pine  44-F  supplied  by  U.  S.  Bronze  Powder  Works,  Plemington, 

New  Jersey,  was  found  to  be  superior  to  electrolytic  copper  dust. 

As  previously  mentioned,  numerous  procedures  for  combining 
the  reactants  in  the  NONA  synthesis  have  been  explored.  The 
two  procedures  which  were  considered  best  on  the  basis  of  ease 
of  application  and  results  have  been  discussed  and  are  described 
in  detail  in  the  experimental  section.  The  preferred  procedure 
is  that  which  involves  the  addition  of  a  solution  of  both 
organic  reactants  to  a  slurry  of  copper  at  the  desired  tempera¬ 
ture.  The  isolation  involves  steam  distillation,  methanol 
digestion  and  precipitation  from  acetone  solutions.  The  alter¬ 
nate  procedure  was  developed  prior  to  the  use  of  TLC  in  this 
study  and  consequently  prior  to  the  time  when  precipitation  from 
acetone  was  thoroughly  understood.  The  yields  from  the  alternate 
procedure  were  variable  due  primarily  to  the  lack  of  any 
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effective  method  for  assaying  the  products  and  determining 
when  the  milk  of  the  NONA  had  been  removed  from  the  reaction 
mixture.  This  procedure  has  not  been  repeated  since  the  more 
adequate  method  of  isolation  has  been  developed.  However^ 
there  is  reason  to  believe  that  the  yields  from  the  alternate 
procedure  would  compare  favorably  with  those  from  the  preferred 
procedure  if  the  same  method  of  isolation  were  used. 

EXPERIMEirrAL 

Synthesis  of  NONA.  A  mixture  of  300  ml  of  dry  nitrobenzene 
and  200  ml  of  dry  benzene  was  distilled  xmtil  the  boiling  tem¬ 
perature  was  122^0.  This  mixture  was  used  as  the  solvent  in 
the  following  reaction.  A  slurry  of  63  g  (1.0  mole)  of  copper 
bronze  in  125  ml  of  the  reaction  solvent  was  made  in  a  one  liter 
three  neck  round  bottom  flask  fitted  with  a  mechanical  stirrer^ 
addition  funnel^  condenser,  and  thermometer.  The  slurry  was 
heated  to  refliix  with  vigorous  stirring  on  a  heatins  mantle  held 
in  place  by  a  laboratory  Jack.  A  solution  of  4?  g  (O.127  mole) 
of  DlBrTNB  and  93  g  (0.375  mole)  of  PiCl  in  I75  ml  of  the  solvent 
mixture  was  added  from  the  addition  funnel.  Initially  20  ml  of 
this  solution  was  added  rapidly  and  the  temperature  dropped 
to  118 *0.  After  two  minutes  the  temperature  had  risen  to  123 ®C 
and  the  copper  had  lost  its  metallic  sheen.  The  heating  mantle 
was  then  lowered  and  the  remainder  of  the  solution  was  added 
over  a  period  of  five  minutes.  During  this  time  the  temperature 
was  123-4*0  and  the  reflux  was  vigorous  but  not  excessive.  The 
heating  mantle  was  again  raised  into  position  and  the  refluxing 
continued  for  about  five  minutes.  The  mixture  was  filtered 
immediately  and  the  inorganic  residue  was  washed  first  with  cold 
toluene  to  cool  the  filter  cake  and  then  with  acetone  until  the 
filtrate  was  almost  colorless.  The  solvent  was  removed  by  steam 
distillation  euid  the  dark  residue,  after  the  aqueous  layer  was 
decanted,  was  digested  in  7OO  ml  of  refluxing  methanol  with 
vigorous  stirring  for  a  period  of  fifteen  minutes.  The  sus¬ 
pension  was  filtered  and  the  light  brown  residue  was  thoroughly 
washed  with  methanol  on  the  funnel.  It  was  then  dissolved  in 
two  liters  of  acetone  and  treated  with  40  g  of  Darco  G-60  and 
20  g  of  Celite  at  refliix.  The  mixture  was  filtered  with  suction 
throxigh  a  glass  fiber  filter  paper  and  the  filtrate  was  con¬ 
centrated  by  distillation.  When  the  volume  had  been  reduced  to 
about  400  ml,  crystallization  occurred.  Concentration  was  con¬ 
tinued  until  the  volume  was  about  300  ml  and  bumping  made  further 
concentration  difficult.  ^The  tan  solid  was  recovered  by  filtra¬ 
tion  through  a  Jacketed  Buchner  funnel  which  had  been  preheated 
with  steam.  Heating  of  the  funnel  was  discontinued  during 
filtration  so  as  not  to  cause  excessive  evaporation  of  the 
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solvent.  The  product  was  washed  with  about  75  ml  of  acetone- 
methanol  1:1*  and  the  wash  liquor  was  kept  separate. 

Thin-layer  chromatography  Indicated  that  the  product  was  NONA 
contaminated  with  a  small  amount  of  HNB.  A  small  amount  of 
solid  which  formed  In  the  wash  liquor  was  shown  by  TLC  to 
contain  both  NONA  and  HNB.  It  was  recovered  and  combined  with 
the  crude  NONA,  After  drying  on  the  bench,  the  first  crop 
weighed  l8.1  g.  The  acetone  filtrate  was  heated  to  reflux  and 
sufficient  acetone  was  added  to  dissolve  the  precipitate  that 
formed  during  filtration.  It  was  then  cooled  to  0-5*C  and  the 
ll£^t  tan  precipitate  was  recovered  by  suction  filtration. 

After  air  drying,  this  product  weighed  23.2  g  and  TLC  showed  It 
to  be  nearly  pure  HNB.  The  acetone  filtrate  was  returned  to 
the  distillation  apparatus  and  concentrated  until  copious 
crystallization  had  occurred  and  the  volume  was  about  100  ml. 

A  second  crop  of  crude  NONA  was  recovered  as  described  above 
except  that  a  smaller  voliime  of  acetone -methanol  was  used  for 
washing.  This  crop  weighed  g  and  TLC  Indicated  that  It 
was  nearly  pure.  A  second  crop  of  HNB  was  recovered  as  pre¬ 
viously  described  and  on  air  drying  It  weighed  11.4  g.  By 
further  concentrating  the  acetone  filtrate  until  the  volume 
was  50-60  ml,  a  third  crop  of  crude  NONA  weighing  1.0  g  was 
recovered.  The  filtrate  was  shown  by  TLC  to  contain  mainly  HNB, 
some  NONA  and  an  appreciable  quantity  of  DODECA  along  with  traces 
of  other  products.  This  mixture  was  not  resolved.  The  com¬ 
bined  yield  of  crude  NONA  was  22.7  g  (28,3?^).  After  recrystal¬ 
lization  from  acetone,  the  yield  was  w.8  g  (25*8^). 

Alten^te  Synthesis  of  NONA.  A  solution  of  310  g  (1.25 
moles)  of  Fici  in  bOO  ml  of  dry  nitrobenzene  was  made  In  a 
2  liter  three  neck  round  bottom  flask  fitted  with  a  mechanical 
stirrer,  powder  funnel,  and  themometer.  The  flask  was  heated 
by  a  thermostatically  controlled  oil  bath  held  In  place  by  a 
laboratory  Jack.  The  temperature  of  the  solution  was  raised 
to  110 *0  and  20  g  of  a  dry  mixture  of  186  g  (O.50  mole)  of 
DlBrTNB  and  l42  g  (2.25  moles)  of  activated**  electrolytic 
copper  dust  was  added  with  vigorous  stirring  through  the  powder 
funnel.  During  the  next  ten  minutes,  the  temperature  was 
allowed  to  rise  to  115*C  and  the  copper  lost  Its  metallic  sheen. 
The  remainder  of  the  mixture  was  added  In  approximately  10  g 
portions  over  a  period  of  one  hour.  The  reaction  was  exothermic 
and  the  oil  bath  was  adjusted  so  as  to  reduce  the  external 
heating  and  maintain  a  reaction  temperature  of  115-ll8*’C 

^  One  to  one  mixtures  of  aceione-ether  or  acetone -pentane  may 
be  used  to  wash  the  product  and  these  washes  need  not  be  kept 
separate. 

**  The  electrolytic  copper  dust  was  activated  by  treating  with 
hot  concentrated  hydrochloric  acid,  then  washed  with  water, 
methemol  and  ether.  It  was  dried  under  reduced  pressure  at  lOO^C 
for  30  minutes. 
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throughout  the  addition  period.  When  all  of  the  mixture  had 
been  added,  an  additional  40  g  (0.64  mole)  of  copper  dust  was 
added  over  a  period  of  ten  minutes.  During  this  period,  it 
was  necessary  to  Increase  the  heating  to  maintain  the  tempera¬ 
ture  of  115-118®C.  The  reaction  mixture  was  allowed  to  cool 
then  filtered  with  suction  and  the  inorganic  residue  was 
thoroughly  washed  with  acetone.  The  acetone  smd  nitrobenzene 
were  removed  by  steam  distillation  fluid,  after  the  aqueous  layer 
was  decfluited,  the  dark  brown  residue  was  digested  for  fifteen 
minutes  in  one  liter  of  refluxing  methfluiol.  The  product  was 
recovered  by  filtration  fluid  dissolved  in  3»5  liters  of  acetone, 
treated  with  a  mixture  of  75  g  of  Darco  G-60  and  25  g  of  Cellte 
at  reflux  and  filtered  with  suction  through  a  glass  fiber  filter 
paper.  The  filtrate  was  plfliced  in  a  4  liter  beaker  and  evapor¬ 
ated  slowly  with  moderate  stirring  on  a  steflun  bath  until  the 
volume  was  400-500  ml  and  copeous  crystallization  had  occurred. 

It  was  then  filtered  while  hot  throu^  a  preheated  funnel  euid 
the  product  was  washed  with  400  ml  of  acetone-ether  1:1  cuid  fltir 
dried.  The  yield  was  66  g  (21^)  of  a  light  yellow,  crystalline 
solid  which  showed  no  tendency  to  melt  at  300 ®C,  gave  eui  excel¬ 
lent  X-ray  diffraction  pattern  for  NONA,  fluid  gave  1.86  ml  of 
gas  per  grflun  per  hour  in  a  two  hour  vacuum  stability  test  at 
260®C.  On  standing,  the  filtrate  gave  155  g  of  solid  which  was 
not  positively  identified  but  the  melting  rimge,  220-236®C, 
Indicated  that  it  was  impure  HNB.  On  recrystallizing  the  crude 
NONA  from  acetone  (see  below)  the  recovery  was  925^. 

Recrystalllzatlon  of  NONA .  A  257  g  sfluaple  of  crude  NONA 
was  dissolved  In  liters  of  acetone  and  a  3  liter  portion  of 
this  solution  was  placed  in  a  5  liter  three  neck  flask  fitted 
with  a  mechfluilcal  stirrer,  addition  funnel,  and  condenser. 

The  flask  was  heated  on  a  stesm  bath  cuid  the  solution  was  stirred 
at  a  moderate  rate.  When  distillation  started,  the  remainder  of 
the  solution  was  added  at  about  the  same  rate  as  the  distillate 
was  removed.  As  the  concentration  progressed,  crystallization 
started.  When  all  of  the  solution  had  been  added  and  the  volimie 
had  been  reduced  to  about  one  liter,  the  mixture  began  to  bump 
and  the  first  crop  was  removed  by  suction  filtration.  The  pro¬ 
duct  was  washed  with  methanol  and  the  wash  liquor  kept  separate. 

A  small  flimount  of  solid  which  precipitated  in  the  wash  liquor 
was  added  to  the  acetone  filtrate.  On  air  drying  the  first  crop 
weighed  219  g»  The  acetone  filtrate  was  returned  to  the  dis¬ 
tilling  apparatus  and  concentrated  to  a  volume  of  about  200  ml. 
The  solution  was  then  filtered  while  hot  and  the  product  was 
washed  with  methanol  as  above.  On  drying,  the  second  crop 
weighed  16.5  g.  The  concentration  was  continued  eind  I50  ml  of 
toluene  was  added  at  about  the  sflune  rate  as  the  distillate  was 
removed.  When  distillation  ceased,  the  solution  was  filtered 


12 

CONPIDENTIAL 


i  . 


CONFIDENTIAL 
NOLTR  65-46 


while  hot  and  the  solid  product  was  washed  with  toluene. 

After  drying  on  the  bench,  the  third  crop  weighed  9.0  g,  bring¬ 
ing  the  total  recovery  to  244,5  g  (955^).  Thin-layer  chroonato- 
graphy  indicated  that  all  three  crops  were  pure  NONA,  However, 
crop  three  was  made  up  of  fine  crystals  and  its  bulk  density 
was  apparently  low.  Crops  one  and  two  were  of  pale  yellow 
prisms,  some  as  large  as  50  x  150  microns.  This  material 
poured  well  and  had  a  bulk  density  (l4)  of  0,70. 

Thin-toyer  Chromatography.  The  thin-layer  chromatographic 
analyses  of  the  various  products  and  mixtures  were  carried  out 
qualitatively  according  to  the  procedure  given  by  Randerath  (10) . . 
Silica  gel-0  (Research  Specialties  Co.,  Richmond,  California) 
or  Kiesel  gel  D-5  (Arthur  H.  Thomas  Co.,  Philadelphia,  Pa.) 
were  used  as  supports  to  prepare  thin  layers  300  microns  thick 
on  either  10x20cmor  20  x  20cm  glass  plates.  The  samples 
were  ai^plied  to  the  plates  in  amounts  ranging  frcm  5-I0  micro- 
grams  per  spot  from  acetone  solutions.  After  air  drying,  the 
spotted  plates  were  developed  with  reagent  grade  benzene. 
Vi8\uilization  of  the  developed  chromatograms  was  accomplished 
by  lightly  spraying  the  plates  with  a  fine  mist  of  a  saturated 
alcoholic  solution  of  sodim  or  potassium  hydroxide,  fHie 
zones  appeared  as  bright  red  spots. 


13 

CONFIDENTIAL 


CONFIDENTIAL 
NOI/TR  65-46 


REFERENCES 


1.  J.  C.  Dacons^  M.  J.  Kamlet  and  D.  V.  Slckman^  Thermal 
Decomposition  of  TNT^  NavOrd  Report (NOL)  683I,  1  may  i960. 

2.  J.  C.  Dacons.  Heat  Resistant  Explosives  VIII.  2, 2*. 4, 4*. 

6.6«-Hexanitrobiphenyl  afig- ’g.g»:i5^~474'*:y'.'6.6»!6'^ 
Noneinltroterphenyl.  Kav6rd  Report («ol)  I5  June  i960. 

3.  E.  Eugene  Kilmer,  Development  of  High  T^perature  Resistant 
Mild  Detonating  Fuze  (MDF^-IV.  NOLTR  in  preparation. 

4.  K.  G.  Shipp,  Heat  Resistant  Explosives  XVI.  A  New  Synthesis 

of  2,2’,4.4’,6, b^-hexanltrostilbene.  NOlfflft  54-34, 


of  2,2' 

SSilrl 


5.  E.  Eugene  Kilmer,  Development  of  Hlgdi  Temperature  Resistant 


Fuze  (MDP)-III,  NOL^R  63-^65,  22  JuTy  1964: 

6.  J.  C.  Dacons,  R.  E,  Oesterling,  Heat  Resistant  Explosives 
XVII.  Improved  Procedure  for  the  Preparation  of  3.3^ 
15lfelno-2T^ ' .  4. 4 ‘ ,  6.  b *  -hexanitrobiphenyl.  Dl^Ak, 

gOMR'  b44'4,  iS'Hay^SCT': - -  - 

7.  E.  Eufcene  Kilmer.  Development  of  Hlffh  Temperature  Resistant 

Mild  Detonating  “I  AprTl"1964r" 

8.  James  Forrest,  J.  Chem.  Soc.,  594  (i960). 

9.  Paul  E.  Fanta,  Chem.  Rev.,  613  (1964). 

10.  Kurt  Randerath,  Thin -Layer  Chromatography.  Verlag  Chemle 
tobH  Welnhelm/Bergstr  emd  Academic  Press,  New  York  and 
London,  1964. 

11.  J.  C.  Dacons  and  Francis  Taylor,  Jr.,  The  Preparation  of 

1, 3-Dibromo-2,4, 6-trlnitrobenzene,  NOLTR  b4-i0l,  I7  Jun  1964, 

12.  M.  Blais,  M.  Varman,  V.  I.  Selle  and  H.  J.  Matsagiima, 
Picatinny  Arsenal  Technical  Report  2524,  June  1958. 

13.  Bernard  Johnson  and  H.  G.  Adolph,  A  Novel  Preparation  of 
l.g-Dlchloro-2,4.6-trlnltrobenzene.  (WOl)  6164, 

3  December  I963. 

14.  R.  E.  Oesterling  and  J.  C.  Dacons,  Heat  Reslst^t  Explo- 
sives  XVIII.  Crystallization  Techniaues  for  i)IPaM. 

SOIffR  64-lg?,  9  July  l^.  - 

15*  Communication  from  Dr,  D«  W.  Hein,  American  Cyanamld 
Company,  New  Castle,  Pennsylvania. 


14 

CONFIDEimAL 


CONPIDEOTIAL 
NOIITR  65-46 


t 


I 


f 

i 

! 


i. 

! 

I 

[ 


( 

I 


I 

I 

I 


y 


DISTRIBUTION 

No.  of 
Copies 

Chief,  Bureau  of  Naval  Weapons 
Department  of  the  Navy 
Washington,  D.  C.  20360 


DLI-3  . 2 

RRRE-5  .  1 

RRRE-51  .  1 

RUME-4  .  1 

RUME-11  . 1 

RUME-42  .  1 

RMMP-21  .  1 

Chief,  Office  of  Naval  Research 
Washington,  D.  C.  20360 

Power  Branch,  Code  429  1 

Technical  Library  .  1 

I 

Commanding  General,  Army  Material  Command 
Department  of  the  Army 
Washington,  D,  C.  20315  ? 

AMCRD  .  1 

Technical  Library  . 1 

Director,  Naval  Research  Laboratory 
Washington,  D.  C,  20390 

Chemistry  Division  .  1 

Technical  Library  . 1 

Director,  Los  Alamos  Scientific  Laboratory 

P.O.  Bou  1663 

Los  Alamos,  New  Mexico 

L.  C.  Smith  , .  1 

Dr.  Howard  Cady  . .  1 

Technical  Library  .  1 

Director,  Lawrence  Radiation  Laboratory 
University  of  California 
Livermore,  California 

Dr.  Ous  Dorough  .  1 

Dr.  John  Kury  .  1 


CONP 


lAL 


'k 


CONPIDEOTIAL _  / 

Security  Cla««ification  .  [}k  ~  t‘  -  ■  ‘ 

DOCUMENT  CONTROL  DATA  •  R&D 

fSoourily  c/ORR^/ieatlon  ol  filfo,  bcdy  e/  mb^irmot  ttti  ind^Ming  mtnotatlon  muBt  bo  onffd  w^on  tfio  ovfoll  f port  it  cioto <f<o«0 
1.  Oi^iaiNATINO  AC’inviTVcCofpororoaiirlior;  2o.  HE^OBT  •KCURI Tv  c  LAbSincAtiON 

U*  S*  N&vdxL  Orclnftnc 6  LEiboir&'tAOsry  p am w t tat 

White  Oak,  Silver  Spring  26  ,gg,y™EMTIAI. - 

Maryland  4 _ 

I.  atPORT  TITLE 

Heat  Resistant  Explosives  XIX.  An  improved  Synthesis  of 
2,2’,2’',4,4*,4”,6,6*,6"-Nonanitroterphenyl,  NONA  (C) 


4«  DltCAI^TIVC  NOTES  (Typ9  0/  roporf  *nd  /ne/uiivo  d^ft) 

Progress _ 

'irAUTHOa?3J7lMrn«nnjfI7n«m»7Tn7?j4lo~'"~~~~"~' 

DACONS,  Joseph  C. 

HOFFSOMMER,  John  C.  1 

TAYLOR,  Francis  Jr. 

a.  aiPORTOATB  ' 

-:-3''May  1965 _ 

•  a.  GONTAACT  ON  GAANT  NO. 

b.  AAOJser  no. 

FR-44  and  RUME-4E-000/212-1/ 
FOO8-O8-II 
Prob  012 


7m.  TOTAL  NO.  OF  PAGES  7b.  NO.  OF  NCFS 

_ 21  I  14 

•  a.  ORIOINATOK’l  REPORT  NUMBERfS; 


NOLTR  65-46 


9  6.  OTHER  REPORT  NOfS;  (Any  othtt  numbtrt  Ihml  mmy  bt  atil0t»d 
thia  taporO 


iTo  S  VA  lUAilUlTY/UIMITATION  NOTICU 


^S.  Gov’t,  agencies  may  obtain  copies  of  tijiis  report  dlrfectly  from 
i)D0.'  Other  qualified  DDC  users  shall  request  report  through  the 
U. , S.  Naval  Ordnance  Laboratory _ 


Ml.  lUPPUlMCNTAaV  NOTO 


12.  SPONSORING  MILITARY  ACTIVITY 

I  Bureau  of  Naval  Weapons 


IS.  AISTRACT 


Improved  procedures  for  the  preparation  of  2,2’2',4,4‘,4’,6, 6’, 6’- 
nonanltroterphenyl,  NONA,  from  picryl  chloride  and  1,3-dichloro- 
2,4, 6-trlnltrobenzene  or  l,3-dibromo-2,4, 6-trlnitrobenzene  have  been 
developed.  The  NONA  is  formed  in  yields  of  approximately  25J^  along 
with  quantities  of  2,2’,4,4’,6, 6’-hexanitrobiphenyl,  HNB,  and  small 
amounts  of  other  products.  By.  the  use^  qf  thin-layer  chromatography 
and  a  novel  fractional  crystallization' from  acetone,  the  separation 
of  products  has  been  greatly  simplified.  An  improved  procedure 
for  the  recrystallization  of  the  crude  product  from  acetone 
produces  relatively  large  prisms  whose  bulk  density  is  approximately 

0.70.  (C) 


DOWNGRADED  AT  3  YEAR  INTERVALS; 
DECLASSIFIED  ATTDR  12  YEARS. 
bOD  DIR  5200.10 


DD  .I?!’:- 1473 


Security  Classification 


Security  Classification 


KEY  WORDS 


Explosives 

Explosives  Synthesis  ■ 

2' ,  6',  6"-Nonanitroterpheny: 

2, 2 *  j  2  ",  4, 4 ‘ , 4 "“Hexanitrobiphenyl 
Ullmann  Reaction 


INSTRUCTIONS 


t.  ORIGINATING  ACTIVITY;  Enter  the  name  and  address 
of  the  contractor,  subcontractor,  grantee,  Department  of  De¬ 
fense  activity  or  other  organization  (corporate  author)  issuing 
tha  report. 

2a.  REPORT  SECUHTY  CLASSIFICATION;  Enter  the  over¬ 
all  security  claasiflcation  of  the  report.  Indicate  whether 
“Restricted  Oats"  it  included.  Marking  la  to  be  in  accord¬ 
ance  with  appropriate  security  regulations. 

26,  GROUP:  Automatic  downgrading  it  specified  in  DoD  Di¬ 
rective  5200. 10  and  Armed  Forces  Industrial  Manual.  Enter 
the  group  number.  Also,  when  applicable,  show  that  optional 
markings  have  been  used  for  Group  3  and  Group  4  as  author¬ 
ized, 

3.  REPORT  TITLE;  Enter  the  complete  report  title  in  all 
capital  letters.  Titles  in  all  cases  should  be  unclassified. 

If  a  meaningful  title  cannot  be  selected  without  classifica¬ 
tion,  show  title  cleiiifieation  in  all  capitals  in  parenthesis 
immediately  following  the  title. 

4.  DESCRIPTIVE  NOTES:  If  appropriate,  enter  the  type  of 
report,  a.g..  Interim,  progress,  summary,  annual,  or  final. 

Give  the  inclusive  dates  when  a  specific  reporting  period  is 
covered. 

5.  AUTHOR(S);  Enter  the  nsme(s)  of  author^s)  ss  shown  on 
or  in  the  report.  Enter  last-name,  first  name,  middle  initial. 

If  military,  show  rank  and  branch  of  service.  The  name  of 
the  principal  author  is  an  absolute  minimum  raquirentent. 

6.  REPORT  DATE:  Enter  the  date  of  the  report  as  day, 
month,  year;  or  month,  year.  If  mors  than  one  date  appears 
on  the  report,  use  dste  of  publication. 

7a.  TOTAL  NUMBER  OF  PAGES;  The  total  page  count 
should  follow  normsl  paglnstlon  procedures,  1. e. ,  enter  the 
number  of  pages  contsinlng  information. 

7b.  NUMBER  OF  REFERENCES  Enter  the  total  number  of 
references  cited  in  the  report. 

8a.  CONTRACT  OR  GRANT  NUMBER;  If  appropriate,  enter 
the  applicable  number  of  the  contract  or  grant  under  which 
the  report  was  written. 

8ti,  Sc,  b  8d,  PROJECT  NUMBER:  Enter  the  appropriate 
military  department  identification,  such  as  project  number, 
subproject  number,  system  numbers,  task  number,  etc. 

9a.  ORIGINATOR’S  REPORT  NUMBER(S):  Enter  the  offi¬ 
cial  report  number  by  which  the  document  will  be  identified 
and  controlled  by  the  originating  activity.  This  number  must 
be  unique  to  this  report. 

9b.  OTHER  REPORT  NUMBER(S):  If  the  report  has  been 
assigned  any  other  report  numbers  (either  by  the  originator 
or  by  the  sponsor),  also  ^nter  this  number(s). 

10.  AVAlLABILITY/HMITATlpN  NOTICES:  Enter  ary  lim¬ 
itations  on  further  dissemination  of  the  report,  other  than  those 


imposed  by  security  classification,  using  standard  statements 
such  as; 

(1)  “Qualified  requesters  may  obtain  copies  of  this 
report  from  DDC.’’ 

(2)  “Foreign  announcement  and  dissemination  of  this 
report  by  DDC  is  not  authorized.’’ 

(3)  “U.  S.  Government  agencies  may  obtain  copies  of 
this  report  directly  from  DDC.  Other  qualified  DDC 
uaers  shall  request  through 


(4)  “U.  S.  military  agencies  may  obtain  copies  of  this 

report  directly  from  DDC  Other  qualified  users 
shall  request  through 


(S)  “All  distribution  of  this  report  is  controlled.  Qual¬ 
ified  DDC  users  shall  request  through 

If  the  report  has  been  furnished  to  the  Office  of  Technical 
Services,  Department  of  Commerce,  for  sale  to  the  public,  indi¬ 
cate  this  fact  and  enter  the  price,  if  known. 

IL  SUPPLEMENTARY  NOTES:  Use  for  addiUonal  explana¬ 
tory  notes. 

12.  SPONSORING  MILITARY  ACTIVITY:  Enter  the  name  of 
the  departmental  project  office  or  laboratory  sponsoring  fpa)^ 

Itti  lor)  the  research  and  development.  Inoludp  address.  ' 

13.  ABSTRACT:  Enter  an  abstract  giving  a  brief  and  factual 
summary  of  the  document  indicative  Of  the  report,  even  though 
it  miy  also  appear  elsewhere  in  the  body  of  the  technical  re¬ 
port.  If  additions!  space  is  required,  a  continuation  sheet  shall 
be  attached. 

It  is  highly  desirable  that  the  abstract  of  claseified  reports 
be  unclassified.  Each’  paragraph  of  the  abstract  shall  end  with 
an  indication  of  the  military  security  classificaiion  of  the  in¬ 
formation  in  the  poragraph,  represented  as  (TS),  (S)t  (C),‘or  (V). 

There  is  no  limitation  on  the  length  of  the  abstract.  How¬ 
ever,  the  suggested  length  is  from  ISO  to  225  words. 

14.  KEY  WORDS:  Key  words  are  technically  meaningful  terms 
or  short  phrases  that  characterize  a  report  and  may  be  used  as 
index  entries  for  cataloging  the  report.  'Key  words  must  be 
selected  so  that  no  security  classification  is  required.'  Identi¬ 
fiers,  such  as  equipment  model  designation,  trade  name,  military 
project  code  name,  geographic  location,  may  be  used  as  key 
words  but  will  be  followed  by  an  indication  of  technical  con¬ 
text.  The  assignment  of  links,  roles,  and  'veighta  ia..optional. 


CONFIDENTIAL _ 

Security  Classification 


I 


{' 

t 

J  < 


f 

I 


I^3C  2^3 


U.  S.  NAVAL  ORDNANCE  LABORATORY 

WHITE  OAK 

SILVER  SPRING,  MARYLAND 

To  all  holders  of  NOL  TR  65-U6,  Heat  Resistant  Explosives  XEX. 
insert  change;  write  on  cover  'Change  1  inserted' 

Approved  by  Comnaander,  U.S.  NOL 

By  direction 


Ipage 


This  publication  is  changed  as  follows: 

1,  Second  line  of  each  abstract  card:  change  6U-U6  to  65-U6, 


Insert  this  change  sheet  between  the  cover  and  the  title  page  of  your  copy. 


